Two cyclic peptides, PF1171A (1) and PF1171C (2), were isolated from okara that had been fermented with unidentified ascomycete OK-128. Their absolute configurations were determined by Marfey's method. These peptides showed paralytic activity against silkworms.
Fungal secondary metabolites continue to be an attractive source of novel bioactive molecules that contribute a screening input to both pharmaceutical and agrochemical leads. We have previously found that several fungal strains isolated from soil produced interesting secondary metabolites which were active against the silkworm (Bombyx mori). As examples, Penicillium simplicissimum ATCC 90288 produced the insecticidal indole alkaloids, okaramines A-D, G and Q, [1] [2] [3] [4] [5] and Aspergillus japonicus ATCC 204480 produced the paralytic alkaloids, asperparalines A-C. 6, 7) Okaramine B and asperparaline A particularly showed prominent activity against several insect pests, and therefore their mode of action has attracted strong attention. 8) During our ongoing screening of bioactive fungal metabolites, we isolated ascomycete OK-128 from soil samples. The MeOH extract of okara (the insoluble residue of whole soybean) fermented with the titled strain was found to exhibit paralytic activity against silkworms. Bioassay-guided fractionation of the extract by repeated column chromatography and crystallization resulted in the isolation of two active compounds, 1 and 2. Their 1 H and 13 C NMR signals (see the ''Experimental'' section) indicated that the compounds were cyclic hexapeptides containing anthranilic acid (ABA) as a part fragment. The sequences of amino acids in 1 and 2 were respectively determined by 2D NMR ( 1 H-1 H COSY, HMQC, and HMBC) to be cyclo(Ala-Leu-Ile-ABA-pipecolinic acid (Pip)-N-methylleucine (MeLeu)) and cyclo(Ala-Leu-Val-ABA-Pip-MeLeu) (Fig. 1) . It was concluded that compounds 1 and 2 were identical to PF1171A and PF1171C previously isolated from the the fungus, Hamigera avellanea.
9)
The optical rotation values for compounds 1 and 2 were ½ D 16 ¼ þ25:4 (c 0.5, MeOH) and þ40:5 (c 0.2, MeOH) which accorded well with those in the literature (PF1171A, þ23:7 (c 0.5, MeOH); PF1171C, þ44:2 (c 0.5, MeOH)), 9) showing that the stereochemical details of the isolated and previously reported compounds were also identical. However, the absolute configurations of the residues of amino acids in PF1171s were not determined in the previous study. The absolute configurations of the amino acids in 1 and 2 were therefore determined by using Marfey's methodology. 10) Their hydrolysates were treated with Marfey's reagent, 5-fluoro-2,4-dinitrophenyl-L-alanine amide (FDAA), and the resulting FDAA derivatives were analyzed by reverse-phase HPLC (Fig. 2) . The peaks in the chromatogram were identified by comparing the retention times with those of the FDAA derivatives of the authentic amino acids ( Table 1 ). The Marfey's reagent derivatives of the amino acids liberated from 1 showed peaks matching L-Ala, L-Pip, L-Leu, L-MeLeu, and D-Ile. The absolute configurations of the amino acids in 2 were analogously elucidated. ABA was labile to acid hydrolysis, making its Marfey's derivative difficult to detect in the chromatogram of the hydrolysate of 2. We conclusively determined the absolute structures of PF1171A (1) and PF1171 (2) as shown in Fig. 1 .
PF1171A (1) and PF1171C (2) are members of cyclic tri-, penta-, and hexa-peptides containing ABA, and so far, fifteen derivatives have been characterized from fungi.
9,11-16) PF1171A (1) exhibited paralysis against silkworms at a dose of 30 mg/g of diet within 1 h, and the effect lasted for 24 h upon oral administration. PF1171C (2) exhibited almost the same effect on silkworms. The derivatives of PF1171s, including 1 and 2, were shown in the previous study to suppress the secretion of apolipoprotein B in HepG2 cells.
9) The paralytic effect of PF1171s against silkworms is now reported for the first time. In relation to this, it has been reported that cycloaspeptide E, a derivative of ABA-containing cyclic peptides, showed modest insecticidal activity against the beet armyworm and cabbage looper.
15) The authors suggested that the peptide has a neurotoxic effect, since the larvae showed characteristic symptomology after the administration. The structural similarity between PF1171s and cycloaspeptide E might lead to the indication that the mode of action of PF1171s is also neurotoxic. This speculation is now under investigation.
Experimental
Fermentation. The strain of OK-128 was isolated from a soil sample collected in Kyoto (Japan) in the usual manner. This strain was identified at Centraalbureau voor Schimmelecultures (the Netherlands), y To whom correspondence should be addressed. Tel/Fax: +81-72-254-9471; E-mail: hayashi@biochem.osakafu-u.ac.jp although the species could not be determined. A loopful of spores from a slant culture of the strain was inoculated into 30 g of okara in a Petri dish of 9 cm in diameter, and cultivation was carried out at 25 C for 14 d.
Extraction and isolation. The okara (2.5 kg) that had been fermented with strain OK-128 was soaked in MeOH. Evaporating MeOH gave an aqueous concentrate which was extracted with EtOAc. The EtOAc extract was concentrated and subsequently chromatographed on Wakogel C-200 (Wako Pure Chemical) by eluting with nhexane and an increasing ratio of EtOAc to afford 70% and 100% EtOAc eluates (3.74 g). The active elutes were further chromatographed on Wakogel C-200 by eluting with n-hexane-acetone (75:25). The active fractions were crystallized from MeOH to afford PF1171A (1, 1.1 g) . The filtrate was subjected to preparative HPLC (column, Inertsil ODS-3 10 Â 250 mm (GL Sciences); solvent, 75% MeOH in water; flow rate, 4 ml/min) to yield PF1171C (2, 18 mg). Spectroscopic data for PF1171A (1) C for 20 h with 6 M HCl. After cooling to room temperature, the sample was dried under vacuum. The residue was dissolved in 1 M NaHCO 3 (500 ml) and reacted with Marfey's reagent (120 ml of a 10 mM acetone solution) and allowed to react at 40 C for 2 h. After cooling, the sample was quenched with 2 M HCl and dried under vacuum. The solid Bioassay. Larvae of Bombyx mori were used for the bioassay, and were cultured on an artificial diet purchased from Nippon Nosan Kogyo Co. To one gram of the diet, a certain amount of the sample in a solvent was added to a Petri dish. After removing the solvent, ten larvae at the third instar stage were introduced to the Petri dish. The behavior of the silkworms was then observed.
